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Summary 

The polyisobutylene (PIB) macromonome~ having methacryloyl function 

was prepared from a hydroxy-terminated PIB, ~-phenyl-0)-(2-hydroxy-l- 

methylethyl)-poly(l,l-dimethylethylene) and methacryloyl chloride in the 

presence of triethylamine. The macromonomer was polymerized by various 

anionic initiators to form stereoregular polymacromonomers. The polymeri- 

zation of the macromonomer with t-C4H9MgBr and n-C4H9Li in toluene gave 

isotactic polymacromonomers. On the other hand, syndiotactic-rich poly- 

macromonomers were obtained in the polymerizations with l,l-diphenylhex- 

yllithium in tetrahydrofuran and with t-C4H9Li/(C2H5)3AI in toluene. 

I n t r o d u c t i o n  

Many i n v e s t i g a t i o n s  have  been  made on the  p r e p a r a t i o n  and po lymer i -  

za t ion  of  macromonomer  aiming a t  the  s t r u c t u r a l  con t ro l  of g r a f t  copo ly -  

mer and  comb- l ike  polymer .  The s t e r e o s t r u c t u r e  of po lymacromonomers  

would a f f e c t  t h e i r  p r o p e r t i e s  g r e a t l y ,  bu t  l i t t le  a t t e n t i o n  has  been  paid on 

the  s t e r e o r e g u l a r i t y  of  t he  po lymer  and  copo lymer  of macromonomers  TM. 

We h a v e  r e p o r t e d  the  p r e p a r a t i o n  of i so tac t ic  and s y n d i o t a c t i c  po ly (me thy l  

me thac ry l a t e )  (PMMA) macromonomers  wi th  s t y r e n e  end  g roup ,  which  g ive  

comb- l ike  po lymers  or  g r a f t  copo lymers  wi th  s t e r e o r e g u l a r  b r a n c h e s .  In 

t he  r ad ica l  po lymer iza t ion  of t h e s e  macromonomers ,  t he  i so tac t i c  macromon-  

omer exh ib i t ed  h i g h e r  r e a c t i v i t y  than  the  s y n d i o t a c t i c  one 1-3. 

In th i s  pape r ,  we will r e p o r t  s t e r e o r e g u l a r  po lymer iza t ion  of a macro-  

monomer,  l ead ing  to t he  con t ro l  of main cha in  s t e r e o r e g u l a r i t y  of b r a n c h e d  

po lymers .  The macromonomer employed  in t he  p r e s e n t  work  is a p o l y i s o b u -  

t y l e n e  (PIB) macromonomer  h a v i n g  m e t h a c r y l o y l  moiety as a po lymer i zab le  

func t ion .  The m e t h a c r y l a t e  un i t  was s e l ec t ed  by  r e a s o n  t h a t  s t e r e o r e g u l a r  

po lymer i za t ion  of m e t h a c r y l a t e  has  been  well s u r v e y e d  5. Anionic p o l y m e r i -  

zat ion of p o l y s t y r e n e  macromonomers  h a v i n g  me thac ry loy l  f unc t i on  was 

c a r r i e d  ou t  by  Masson e t  al. 6 and  Asami e t  a i 7 .  However ,  the  main o b j e c -  

t i v e  of t h e i r  works  was to con t ro l  t he  molecular  we igh t  and i ts  d i s t r i b u t i o n  

(MWD) of t he  po lymacromonomers ,  and the  main cha in  t a c t i c i t y  was not  

examined.  

*To whom offprint requests should be sent 
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Experimental 

Preparation and anionic polymerization of PIB macromonomer 

The PIB macromonomer having methacryloyl function was prepared 

from a hydroxy terminated PIB (PIB-OH) (Mn=1990, Mw/Mn=l.15, DP=33.1) 

and methacryloyl chloride in the presence of triethylamine in a mixture of 

CH2CI 2 and CHCI 3 (9:1) at room temperature according to the procedure by 

Kennedy et al. 8 (eq. i). The macromonomer was purified by precipitation 

from hexane to acetone. The hydroxy terminated PIB was obtained from 

Akron Cationic Development Corporation. 

~ CH 3 CH3 

(5-CH2)---n r + CH2:C 
I I 
CH 3 CH 3 COC1 

[PIB-OH] 
C.H3 C, H3 

(C2H5)3N > C H-C.2-O-C- :C.2 
CH 3 CH 3 0 

[PIB macromonomer] (Yield=95.5%, Mn=2250) 

The polymerization of the macromonomer was carried out under dry 

nitrogen in a sealed glass ampoule. The macromonomer was dissolved in 

benzene and the solution was dried over Ca}{ 2. Just before the polymeri- 

zation, Call 2 was removed by filtration under dry nitrogen, and the macro- 

monomer was recovered by freeze-drying. The polymerization was initiated 

by adding a solution of the macromonomer to an initiator solution. After a 

certain polymerization time the reaction mixture was quenched by adding 

IN HCI solution in methanol. The polymacromonomer formed was isolated by 

repeated repreeipitation from toluene to methanol. 

Meas uremen t 

IH NMR spectra were recorded on a JNM GX-270 spectrometer(JEOL) at 

270MHz and 13C NMR spectra on a JMN GX-500 spectrometer at 125MHz. 

Number average molecular weights (Mn's) were measured on a Hitachi 117 

vapor pressure osmometer (VPO) in toluene at 60.0~ Gel permeation 

chromatography (GPC) was performed on a JASCO FLC-AI0 chromatograph 

equipped with Shodex GPC columns A-80M and KF-802.5 using THF as an 

eluent. The chromatograms were calibrated against standard polystyrene 

samples. 

Results and Discussion 

Preparation and characterization of PIB macromonomer 

As mentioned previously, PIB macromonomer was prepared from PIB- 

OH and methacryloyl chloride in the presence of triethylamine. The IH 

NMR spectra of the starting alcohol, PIB-OH, and the resulting PIB macro- 

monomer are shown in Figure i. The PIB-OH shows the signals of -CH2-OH 

and pheny] protons at 3.4ppm and 7.0-7.5ppm, respectively (Figure Ib). 
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Figure 1 270MHz IH NMR spectra of PIB macromonomer (a) and hydroxy- 
terminated PIB (b). 

The functionality of hydroxy group of PIB-OH was determined from the 

intensity ratio of these two signals as 0.918. In the spectrum of the PIB 

macromonomer (Figure la), the signals of -CH2-OH disappeared completely 

and new signals ascribable to vinylidene protons of the methacryloyl group 

appeared at 5.54 and 6.11ppm. The functionality of methacryloyl group of 

the macromonomer was determined from the intensity ratio of the signals 

due to vinylidene protons and phenyl protons as 0.918. The values of the 

functionalities for PIB-OH and PIB macromonomer clearly indicate the 

complete conversion of -CH2OH group into -CH2-O-CO-C(CH3)=CH 2 group. 

A n i o n i c  p o l y m e r i z a t i o n  o f  PIB m a c r o m o n o m e r  

The  PIB m a c r o m o n o m e r  was  p o l y m e r i z e d  b y  v a r i o u s  a n i o n i c  i n i t i a t o r s  

i n c l u d i n g  t -C4H9MgBr9 ,  t -C4H9Li / (C2H5)3Al l0  a n d  1 , 1 - d i p h e n y l h e x y l l i t h i u m  

(DPHLi) 11-14,  w h i c h  c a n  a f f o r d  l i v i n g  p o l y m e r s  of  MMA u n d e r  a p p r o p r i a t e  

c o n d i t i o n s .  T h e  r e s u l t s  a r e  s h o w n  in  Tab l e  1. The  y i e l d  of  p o l y m a c r o m o n -  

o m e r  was  c a l c u l a t e d  f rom t h e  GPC t r a c e  of  t h e  r e a c t i o n  p r o d u c t .  As a 

t y p i c a l  e x a m p l e  t h e  GPC c u r v e  f o r  t h e  r e a c t i o n  p r o d u c t  f r o m  t h e  p o l y m e r i -  

z a t i o n  of  PIB m a c r o m o n o m e r  w i t h  DPHLi in THF a t  -78~  is  s h o w n  in F i g u r e  

2. T h e  y i e l d  was  e s t i m a t e d  a s  95% f r o m  t h e  a r e a s  u n d e r  t h e  p e a k s  d u e  to  

the poly-macromonomer formed and the unreacted starting macromonomer, 

correcting the functionality of the macromonomer (f=0.918). Polymeriza- 

tion with t-C4H9MgBr in toluene at -60~ also gave polymacromonomer in 

high yield. Polymerization with n-C4H9Li or t-C4H9Li/(C2H5)3AI gave 

rather lower yield than that with DPHLi or t-C4H9MgBr. 
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polymacromonomer 

Mn=231 O0 
Mw/Mn= 1 o 26 

J elution 
115 20 25 3p time(min) 

! I 

llO 6 ' , 105 104 MW 
F i g u r e  2 GPC c u r v e  of po lymer iza t ion  p r o d u c t  p r e p a r e d  with  
1 ,1 -d ipheny lhexy l l i t h ium in THF at  -78~ fo r  48hr.  

The po lymacromonomers  was i so la ted  from the  r eac t i on  mixtures  by 

r e p e a t e d  p r e c i p i t a t i o n  from to luene  so lu t ion  to methanol.  The 13C NMR 

s p e c t r u m  of t he  po lymacromonomer  p r e p a r e d  with  DPHLi in THF at  -78~ is 

shown in F i g u r e  3. The s igna l s  due  to t he  p o l y m e t h a c r y l a t e  b a c k b o n e  of  

t h e  po lymacromonomer  a p p e a r  s e p a r a t e l y  from the  s t r o n g  s igna l s  due  to 

t h e  PIB s ide  cha ins .  The s igna l s  of all s o r t s  of c a r b o n s  in t h e  me tha -  

c r y l o y l  un i t s  show s p l i t t i n g s  due  to t h e  t a c t i c i t y  of t h e  main cha in  as in 

t he  case  of PMMA. The small s igna l s  due  to in i t i a to r  f r a g m e n t s ,  1 , 1 -d iphe -  

n y l h e x y l  g r o u p ,  a r e  o b s e r v e d  c l ea r ly  a t  14.1, 20.4, 21.5, 22.6 and 24.3ppm, 

T a b l e  1 Anionic P o l y m e r i z a t i o n  o f  PIB Macromonomer a 

I n i t i a t o r  
[H]O Solv~ Temp. Time Conv~ Mn Mw c T a c t i c i t y ( ~ )  d 

[ I ]  0 (~ (hr)  (Z) VPO GPC Calcd Mn mm mr r r  

t-C4H9MgBr 8 . 3  T o l .  - 6 0  168 91 26600  24800  17000 1 . 5 2  91 9 0 

n-C4H9Li 4 . 3  T o l .  - 7 8  72 56 30200  25600  5500  2 . 5 5  83 17 0 

t - C 4 H 9 L i /  8 . 8  T o l .  - 6 0  168 34 17300  14100  6700 1 . 3 2  5 43 52 
(C2H5)3A1 

DPHLi e 8 . 9  THF - 7 8  48 95 22500  2 1 3 0 0  19000  1 . 2 6  3 39 58 

DPHLi e 8 . 0  THF - 1 0 0  120 94 23200  19300  16900  1 . 2 0  2 36 62 

a Macromonomer 0.20-0.22mmol, s o l v e n t  5 ml. b Tol. : to luene .  
c De te rmined  by  GPC. d Determined  f rom 13C NHR s igna l s  of ~ - C H  3 g roup .  
e 1 ,1 -Diphenylhexyl l i th ium.  
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Figu re  3 125MHz ~ C NMR s p e c t r u m  of polymacromonomer p r e p a r e d  with 
1 ,1 -d ipheny lhexy l l i t h ium in  THF at  -78~ Carbon  species  of methacry loy l  
u n i t s  a re  u n d e r l i n e d .  
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180 175 54 50 46 24 20 16 
F i g u r e  4 125HHz 13C NMR s p e c t r a  of polymacromonomers  p r e p a r e d  with 
t-C4H9MgBr in  t o luene  a t  -60"C (a) and  1 ,1 -d ipheny lhexy l l i t h ium in  THF 
at  -78~ (b). As t e r i sked  peaks  a re  due  to the  in i t i a to r  f r agment .  
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as seen  in t he  e x p a n d e d  s p e c t r u m  shown in F i g u r e  4b. The d e g r e e  of 

po lymer i za t ion  of t h e  macromonomer  was d e t e r m i n e d  as 8.9 from the  i n t e n -  

s i t y  ra t io  of t he  s igna l s  due  to CH 3 g r o u p  of t he  in i t i a to r  f r a g m e n t  (at 

14.1ppm) and  ~-CH 3 g r o u p  of me thac ry loy l  uni t .  The va lue  was' in good 

a g r e e m e n t  wi th  t h e  va lue  e x p e c t e d  from the  amounts  of t he  in i t i a to r  

c h a r g e d  and  t h e  macromonomer  consumed.  The molecular  w e i g h t  d i s t r i b u -  

t ion o b s e r v e d  by  GPC was f a i r l y  n a r r o w  (Mw/Mn=1.26). These  r e s u l t s  

s u g g e s t  t h e  l iv ing  c h a r a c t e r  of t h i s  po lymer iza t ion .  

F i g u r e  4 shows the  e x p a n d e d  s p e c t r a  of the  p o l y m e t h a c r y l a t e  b a c k b o n e  

s igna l  r e g i o n s  fo r  t h e  po lymacromonomers  p r e p a r e d  with  t-C4HgMgBr in 

t o luene  a t  -60~ and  DPHLi in THF at  -78~ The s igna l s  of C=O, q u a t e r -  

n a r y  and  ~ -CH 3 c a r b o n s  show the  peak  s p l i t t i n g s  due  to t r i ad  t a c t i c i t y  

and  the  s igna l  of CH 2 c a r b o n  the  s p l i t t i n g s  due  to d y a d  t ac t i c i ty .  The 

peak  a s s i g n m e n t s  shown in F i g u r e  4 were  made by compar ing  the  peak  

s p l i t t i n g s  wi th  t hose  o b s e r v e d  in t he  s p e c t r u m  of PMMA. F i g u r e  4a c l ea r ly  

i n d i c a t e s  t h a t  t he  po lymacromonomer  p r e p a r e d  with  t-C4H9MgBr is h i g h l y  

i so tac t ic .  As f a r  as  we a re  aware  of, t h i s  is t h e  f i r s t  example of s t e r e o -  

r e g u l a r  po lymer i za t ion  of  macromonomer.  The po lymacromonomer  p r e p a r e d  

with  DPHLi in THF is s y n d i o t ~ c t i c - r i c h  as in t he  case  of PMMA formed 

u n d e r  t he  same condi t ions .  

The f r a c t i o n s  of t r i a d  t a c t i c i t y  fo r  t he  po lymacromonomers  p r e p a r e d  

wi th  v a r i o u s  i n i t i a t o r s  were  d e t e r m i n e d  from t h e  ~-CH 3 c a r b o n  s igna l s  and  

a r e  shown in Table  1. The s y n d i o t a c t i c i t y  of t he  po lymacromonomer  p r e -  

p a r e d  with  DPHLi in THF i n c r e a s e d  wi th  d e c r e a s i n g  po lymer iza t ion  t em-  

p e r a t u r e  and the  po lymer  fo rmed  a t  -100~ had 62% of t r i ad  s y n d i o t a c t i e i t y  

and Mw/Mn va lue  of 1.20. S y n d i o t a c t i c - r i c h  polymacromonomer  was also 

fo rmed  by  t-C4H9Li/(C2H5)3A1, which  g i v e s  h i g h l y  s y n d i o t a c t i c  PMMA in 

to luene  a t  low t e m p e r a t u r e s  10. These  s y n d i o t a c t i c - r i c h  polymacromonomer  

has  n a r r o w  MWD as shown in Table 1. 

The mm t r i a d  of t h e  po lymacromonomer  fo rmed  with t-C4H9MgBr in 

t o luene  a t  -60~ was 91%. The MWD of th i s  po lymer  was f a i r l y  na r row,  

t h o u g h  the  Mn was a l i t t le  l a r g e r  t h a n  the  ca l cu l a t ed  va lue .  F u r t h e r  

i n v e s t i g a t i o n  is u n d e r  way to examine t h e  l iv ing  c h a r a c t e r  of th i s  p o l y m e r -  

izat ion.  

n-C4H9Li also g a v e  i so tac t i c  po lymacromonomer  b u t  t h e  MWD was much 

b r o a d e r  t h a n  t hose  of t h e  o t h e r  po lymacromonomers  and  the  Mn was much 

l a r g e r  t h a n  the  ca l cu l a t ed  va lue .  These  r e s u l t s  in t h e  Mn and  MWD a r e  

due  to t he  s ide  r e a c t i o n  of n-C4H9Li with  c a r b o n y l  g r o u p  of m e thac ry loy l  

unit of the macromonomer. The IH NMR spectrum of the lower 

molecular weight fraction of the polymerization product formed with 

n-C4H9Li showed the signals due to the CH 2 group of PIB-OH observed at 

3.4ppm along with those due to the unreacted PIB macromonomer. The 

PIB-OH should form along with butyl isopropenyl ketone through the reac- 

tion of n-C4H9Li with the carbonyl group, as shown in equations (2)-(5). 

The butyl isopropenyl ketone is much more reactive than methacrylate 
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monomer 15-18 so t h a t  i t  r ead i ly  r e a c t s  with polymacromonomer an ion  [I] to 

form the  less  r eac t i ve  an ion  [II]. There fore ,  in  the  po lymer iza t ion  with 

n-C4H9Li, t h e r e  exis t  a t  l eas t  two t y p e s  of p r o p a g a t i n g  an ions  which a re  
v e r y  much d i f f e r e n t  in  r eac t i v i t y .  The l i thium alkoxide of PIB-OH formed 
d u r i n g  the  po lymer iza t ion  may coord ina te  with the  p r o p a g a t i n g  an ions  to 
change  the  r e a c t i v i t y  and  the  s t e r e o r e g u l a r i t y .  These a re  the  r e a s o n s  

why the  polymaeromonomer p r e p a r e d  with n-C4HgLi shows b r o a d e r  MWD 

and  lower i so tac t ic i ty .  DPHLi and  t-C4H9MgBr a re  b u l k y  e n o u g h  not  to be 

i nvo lved  in  the  s ide r eac t ion  and  gave the  polymacromonomers  with much 
n a r r o w e r  MWD. S u p p r e s s i o n  of such  a s ide reac t ion  is of p r imary  impor-  

t ance  for  the  con t ro l  of the  anionic  polymer iza t ion  of the  maeromonomer. 

~H3 
n-C4H9Li + CH2=C > (2) 

I C=O 
f 

CH2-CH-~CH2- .C~n-~\ /> 
I , ~kL__7 
CH3 CH3 

,on3 
CH2=C > CH2=,C + 

n-C4H9-C-OLi C=O 
t 

O ICB3 / ~  C4H9 
CH 2 - CH---(-CH 2- C0-n-(~. /) 

t t - x ' ~ . . . . f f  CH3 CH3 

~H3 
n-C4H9-CH2-C- Li + 

l C=O 
l 

CH 3 CH 3 
[i] 

~ H 3 / ~  k 
LiO-CH2-CH-~CH2-C~-(x I> 

t l 
CH 3 CH3 x~--# 

(3) 

macromonomer 
[I] ~* 

CH3 CH3 
l 

n-C4H9-(CH2-C~mCH2- ~- Li + 
C=0 C=O 
t ! 
0 0 
I 

CH21 i H2 

[ I I ]  

(4) 

~H3 
[II]+ CH2: ~ 

C=0 
I 
C4H9 

> 
CH 3 CH3 
! i 

n-C4H9-~CH2-C~:g 1- CH2-C- Li + 
i i 
C=0 C=0 
t ! 

C4H9 
CH 2 

[III] 

(5) 
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